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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for manufacturing a GaN 
semiconductor single crystal having few crystal defects with a high yield by using a rare 
earth 13 (3B) group perovskite substrate showing relatively good lattice matching with 
the GaN semiconductor crystal. 

SOLUTION: In the method of growing the GaN semiconductor crystal by using a rare 
earth 1 3 (3B) group perovskite crystal containing one or more kinds of rare earth 
elements as the substrate, a plane in an off-angle state by 1° to 4° from the (01 1) 
plane of the rare earth 13 (3B) perovskite crystal substrate is used as the growing plane. 
[Claim(s)] 

[Claim l]In a method of growing up GaN system compound semiconductor crystals by 
using as a substrate a rare earth 13 (3B) fellows perovskite crystal containing 1 or two or 
more kinds of rare earth elements, A manufacturing method of GaN system compound 
semiconductor crystals making into a grown surface a field which carried out the off-angle 
only 4 degrees from 1 degree from a field (Oil) of said rare earth 13 (3B) fellows perovskite 
crystal substrate. 

[Claim 2]A manufacturing method of the GaN system compound semiconductor crystals 
according to claim 1, wherein the directions of said off-angle are the <100> directions. 
[Claim 3]A manufacturing method of the GaN system compound semiconductor crystals 
according to claim 1 or 2, wherein the above-mentioned rare earth 13 (3B) fellows 
perovskite crystal used as a substrate is a compound of at least one kind and N of 
aluminum, Ga, and In among rare earth elements. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the manufacturing method of the GaN 
system compound semiconductor crystals used for manufacture of semiconductor devices, 
such as a light-emitting device and an electron device. 
[0002] 

[Description of the Prior Art] GaN system compound semiconductors (In x Ga y Ali- x -yN 
however 0<=x, y;x+y<=l), such as GaN, InGaN and AlGaN, and InGaAIN, It is expected as 
a material of semiconductor devices, such as electron devices, such as a device excellent not 
only in a light-emitting device but the resistance to environment, and a power device, and 
is observed as a material applicable in the field of other versatility. 

[0003] Since it was difficult to grow up the bulk crystal of a GaN system compound 
semiconductor conventionally, the substrate which formed single crystal thin films, such as 



GaN, for example by the hetero epitaxy to the different-species crystal top, such as 
sapphire, was used for the above-mentioned electron device. 

[0004] However, since lattice mismatching nature was large, the dislocation density of the 
GaN system compound semiconductor crystals grown up on the sapphire crystal became 
large, and a sapphire crystal and GaN system compound semiconductor crystals had the 
problem that a crystal defect will occur. Sapphire had the problem of being easy to become 
an elevated temperature, when the substrate with which it grew up GaN system compound 
semiconductor crystals on the sapphire crystal since thermal conductivity was not able to 
radiate heat easily small was used for the large electron device of power consumption, etc. 
[0005]Then, the necessity for the substrate in which thermal conductivity carries out 
lattice matching to GaN system compound semiconductor crystals greatly increased 
further, and research of the ELO (Epitaxial lateral overgrowth) method using hydride 
vapor phase growth (it carries out abbreviated to HVPE hereafter), etc. was advanced 
quickly. The ELO method is a method of growing up high crystalhne GaN system 
compound semiconductor crystals as a kind of epitaxial growth by the silicon-on-sapphire 
side which formed the insulator mask, for example on silicon on sapphire, provided the 
opening in these some masks and was exposed to it here. Since according to this method 
growth of GaN system compound semiconductor crystals begins from the opening provided 
in the mask and the growth phase spreads on the mask, the dislocation density under 
crystal can be stopped small and GaN system compound semiconductor crystals with few 
crystal defects can be obtained. 

[0006] However, since the GaN system compound-semiconductor-crystals wafer obtained by 
the ELO method has large heat distortion, When silicon on sapphire tended to be made to 
estrange by polishing of a wafer manufacturing process and it was going to obtain the GaN 
system compound-semiconductor-crystals wafer alone, there was a problem that a GaN 
system compound" semiconductor- crystals wafer will be distorted. 

[0007]Then, this invention persons proposed the method of growing up a GaN system 
compound semiconductor by hetero epitaxy by making the {011} side or {101} sides into a 
grown surface, using a rare earth 13 (3B) fellows perovskite crystal as one of the materials 
of a different-species crystal substrate (WO 95/No. 27815). {Oil} sides here or {101} sides 
express the group of a field equivalent to a field and a field (101) respectively (Oil). 
[0008]According to the growth art of said point **, NdGa03 which is one of the rare earth 
13 (3B) fellows perovskites, for example is used as a substrate, When growing up GaN into 
the {011} side or {101} sides, lattice mismatching becomes very smaller than the case where 
SiC which is about 1.2% and is used considering lattice mismatching nature as sapphire or 
its substitute is used as a substrate. Therefore, since the dislocation density under crystal 
became low, GaN system compound semiconductor crystals with few crystal defects were 
able to be grown up. 
[0009] 

[Problem(s) to be Solved by the Invention]However, in the growing method of said point **, 
when growing up GaN system compound semiconductor crystals, generating of the crystal 
defect by lattice mismatching with a substrate was able to be suppressed, but the 
crystallized state of the obtained GaN system compound semiconductor crystals might 
become polycrystal. That is, in the growing method of said point **, there was a problem 
that a GaN compound semiconductor single crystal suitable for a semiconductor device 
may be grown up with the sufficient yield. 

[0010]This invention aims to let a crystal defect provide the method of manufacturing with 
the sufficient yield for few GaN system compound semiconductor single crystals by using 
as a substrate the rare earth 13 (3B) fellows perovskite comparatively improved lattice 
matching to GaN system compound semiconductor crystals. 
[0011] 

[Means for Solving the Problem]In a method of this invention being made to achieve the 
above objects, and growing up GaN system compound semiconductor crystals by using as a 
substrate a rare earth 13 (3B) fellows perovskite crystal containing 1 or two or more kinds 
of rare earth elements, It is a manufacturing method of GaN system compound 
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semiconductor crystals making into a grown surface a field which carried out the off-angle 
only 4 degrees from 1 degree from a field (Oil) of said rare earth 13 (3B) fellows perovskite 
crystal substrate. 

[00 12] Since a rate of single-crystaHzing of GaN system compound semiconductor crystals 
improves while being able to grow up GaN system compound semiconductor crystals with 
few crystal defects by this, a GaN system compound semiconductor single crystal suitable 
for a semiconductor device can be manufactured with a sufficient yield. 
[0013]It is good to carry out the direction of said off-angle in the <100> directions desirably. 
Since a rate of single-crystaHzing of GaN system compound semiconductor crystals 
becomes high especially by this, a GaN system compound semiconductor single crystal can 
be manufactured with a sufficient yield. 

[0014]The above-mentioned rare earth 13 (3B) fellows perovskite crystal used as a 
substrate is good to make it be a compound of at least one kind and N of aluminum, Ga, 
and In among rare earth elements. For example, a NdGa03 crystal can be used as a rare 
earth 13 (3B) fellows perovskite crystal. As a crystal growth method, the hydride VPE is 
desirable. 

[0015]Below, a process which came to complete this invention is explained. 
[0016]First, this invention persons noticed that a crystallized state was polycrystal from 
some GaN system compound semiconductor crystals obtained by a growing method of GaN 
system compound semiconductor crystals proposed by said point **. That is, by said grown 
method method, when growing up GaN system compound semiconductor crystals, were 
able to suppress generating of a crystal defect by lattice mismatching with a substrate, but. 
Since a crystallized state of obtained GaN system compound semiconductor crystals may 
become polycrystal, it became clear that it was difficult to put in practical use as a method 
of manufacturing GaN compound semiconductor crystals suitable for material of a 
semiconductor device. 

[0017]Then, this invention persons thought that there was room to improve further in said 
growing method, and repeated research wholeheartedly paying attention to a grown 
surface of a NdGa03 board which is one of the rare earth 13 (3B) fellows perovskites that a 
crystallized state of GaN system compound semiconductor crystals obtained by said 
growing method should be improved. Specifically by a growing method of said point **, an 
experiment into which GaN compound semiconductor crystals are grown up by making 
into a grown surface an off-angle side where only a predetermined angle inclined having 
made a field into a grown surface just (Oil) of a NdGa03 board from a field (Oil) was 
conducted. 

[0018]First, an ingot of a NdGa03 crystal was sliced and an off-angle side which inclined 1 
degree - 6 degrees in the <100> directions from a field and (Oil) a field just (Oil) prepared 
two or more substrates it was made to serve as a grown surface, respectively. And after 
washing and etching these NdGa03 boards, GaN compound semiconductor crystals were 
grown up by the hydride VPE method. 

[0019]A rate of single-crystaHzing at the time of considering it as a grown surface just 
(Oil) a field As a result, 50%, A rate of single-crystaHzing at the time of considering it as a 
grown surface an off-angle side sloping from a field 1 degree (Oil) 80%, A rate of 
single-crystaHzing at the time of considering it as a grown surface an off-angle side 
sloping from a field 2 degrees (Oil) 90%, A rate of single-crystaHzing at the time of 
considering it as a grown surface an off-angle side sloping from a field 3 degrees (Oil) 80%, 
A rate of single-crystaHzing at the time of considering it as a grown surface an off-angle 
side sloping from a field 4 degrees (Oil) 70%, (Oil) A rate of single-crystaHzing when a 
rate of single -crystaHzing at the time of making an off-angle side sloping from a field 5 
degrees into a grown surface makes a grown surface an off-angle side sloping from a field 
(011) 6 degrees 50% became 30% (Table l). 



[0020] 
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[002l]This experiment showed that the direction of the rate of single-crystaHzing which 
made the grown surface the off-angle side of the NdGa03 board sloping in the <100> 
directions from a field (Oil) 1 degree - 4 degrees rather than having made a field into a 
grown surface just (Oil) improved. 

[0022]This invention was made based on the above-mentioned knowledge, and can grow up 
the GaN compound semiconductor single crystal which fitted the semiconductor device by 
this method with the sufficient yield. 

[0023]Although found out by the experiment into which GaN compound semiconductor 
crystals are grown up at a NdGa03 board, as for this invention, the same effect is acquired 
also when growing up GaN system compound semiconductor crystals, such as InGaN and 
AlGaN, besides GaN compound semiconductor crystals. 
[0024] 

[Embodiment of the Invention] The case where use a NdGa03 crystal as a substrate for the 
suitable embodiment of this invention hereafter, and GaN compound semiconductor 
crystals are grown up is explained. 

[0025]First, the ingot of NdGa03 was sliced in respect of the off-angle inclined [ from the 
field (Oil) ] 2 degrees in the <100> directions, and it was considered as the substrate. At 
this time, the size of a NdGa03 board is a diameter of 50 mm, and thickness was 0.5 mm. 
[0026]Next, ultrasonic cleaning was performed for the NdGa03 board which carried out 
mirror polishing for 5 minutes in acetone, and methanol performed ultrasonic cleaning for 
5 minutes continuously. Then, natural seasoning was carried out, after blowing by N2 gas 
and blowing away a drop. Next, the washed NdGa03 board was etched for 5 minutes by 
sulfuric acid system etchant (phosphoric acid: sulfuric acid =1:3, 80 **). 
[0027]Next, GaCl which carried out temperature up of the substrate temperature to 620 **, 
introducing N2 gas, and was generated from Ga metal and HC1 gas after having arranged 
this NdGa03 board to the predetermined part in a hydride VPE device, NH3 gas was 
supplied on the NdGa03 board using N2 carrier gas, and about 100-nm GaN protective 
layer was formed. Since NdGa03 reacts to NH3 or H2 at a not less than 800 ** elevated 
temperature and a neodium compound is generated, In this embodiment, using N2 as 
carrier gas, by forming a protective layer at 620 ** low temperature, a neodium compound 
is not generated and growing temperature is made. 

[0028]Next, temperature up of the substrate temperature was carried out to 1000 **, and 
Ga metal, GaCl generated from HC1 gas, and NH3 gas were supplied on the NdGa03 board 
using N2 carrier gas. At this time, while a GaCl partial pressure controlled each gas 
introduction amount so that 4.0xlO -3 atm and NH3 partial pressure serve as 2.4xl0 1 atm, 
the GaN compound semiconductor crystals during 300 minutes were grown up with the 
growth rate of about 40 micrometer/h. 

[0029]Then, it cooled for 90 minutes by the cooling rate at 5.3 ** / min, and thickness 
obtained the GaN compound semiconductor crystals which are about 200 micrometers. 
[0030]The obtained GaN compound semiconductor crystals were single crystals the crystal 
defect excelled [ single crystals ] in crystallinity few. When GaN compound semiconductor 
crystals were produced by the method mentioned above, the rate of single-crystaHzing of 
GaN compound semiconductor crystals was able to grow up the GaN compound 
semiconductor single crystal which is not less than 90% and was suitable as a material of a 
semiconductor device with the sufficient yield. 

[0031] Although the invention made by this invention person above was concretely 
explained based on the embodiment, this invention is not limited to the above-mentioned 
embodiment. For example, the angle leaned in the <100> directions is not limited to 2 
degrees, but can raise the rate of single-crystaHzing like this embodiment by considering 
it as the range of 1 degree - 4 degrees. 

[0032]A GaCl partial pressure as a growing condition l.OxlO' 3 - l.OxlO' 2 atm, It is desirable 
for 30 - 100 micrometer/h and growing temperature to be 930-1050 **, and for l.OxlO" 1 - 
4.0xl0' 1 atm and a growth rate to be [ for the cooling rate of NH3 partial pressure ] 4-10 ** / 
min. 
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[0033]The same effect can be acquired even if it is not restricted when growing up GaN 
compound semiconductor crystals, for example, it applies to the growing method of GaN 
system compound semiconductor crystals, such as InGaN and AlGaN. The rare earth 13 
(3B) fellows perovskite crystal used as a substrate is not restricted to a NdGa03 crystal, 
but it is thought that what is necessary is just a rare earth 13 (3B) fellows perovskite 
crystal including at least one kind of aluminum, Ga, and In. 
[0034] 

[Effect of the Invention]In the method of growing up GaN system compound semiconductor 
crystals by using as a substrate the rare earth 13 (3B) fellows perovskite crystal containing 
1 or two or more kinds of rare earth elements according to this invention, Since the field 
which carried out the off-angle only 4 degrees from 1 degree was made into the grown 
surface from the field (Oil) of said rare earth 13 (3B) fellows perovskite crystal substrate, 
Since the rate of single-crystaHzing of GaN system compound semiconductor crystals 
improves while being able to grow up GaN system compound semiconductor crystals with 
few crystal defects, the effect that a GaN system compound semiconductor single crystal 
suitable for a semiconductor device can be manufactured with the sufficient yield is done 
so. 
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3b±m 13 ( 3 B ) m^ufXiiA MtASSKfc lt 

friB#±«i 3 ( 3 b ) &*xr?xii4 msask*) 

(Oil) B#>£> 1 ° ^£>4 ' 1Ztt*77yy)V%i£iz 
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[0001] 

a N^-ft^w^ft*s 9 B B ^S3i*&mg-ri> . 

[00 02] 
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WmX* § (4 5 0 mi@T\ Jf § (4 0 . 5mmiU. 
[0026] ttWSff«LfcNdGa0 3 S«Sr 
* h y+f 54HBKSf»a»tff V\ WiX^ 9J-fr 

T54HBB«ra»feffofc. -eoa. N 2 h^xt-u 
-ixmrn^mtiLxfr^smzmiktz, 

©U l :NdGa03ffl»X7ffyf («| 
S:K»=1 : 3. 80°C) TS^HBx-yf-V^tfc. 
[0027] ;»NdGa0 3 iS^M H^-f 

i*A L** { S: 6 2 0 °C i L, G a ^ ^ 
;kkHC 1 ^3&»^>4iRSftfcGaC 1 k, NH 3 #X 



!(4) 002-274997 (P2002-274997A) 



k£N 2 ^iryT^tfflV^TNdGaOsaHfUitft 
IfrU »10 0nmOGaNfiaWfcJRRLfc. NdG 
a0 3 }i8 0 0°CJiLhWftST'NH 3 ^H 2 kRJELT 

H^Ur^fcLTN 2 fcJBK J&KSSJK£ 6 2 O'C 

[0028] 1 0 0 O'Cfc^i&U G 

a^^tHCl^^&StfilfcGaClfc. NH 
3 #*k£N 2 ^UT^XfcfflV^TNdGaOg 
±t*»Lfc. iWfc?- GaCl»"4. 0X10 
- 3 atm, NH 3 #JE#2. 4x10 - 1 atmfc& 
Lid fc*;h.*^«#*»A*fcffl»L&a«fe#4 Oju 
m/h»*«3MrC3 0 0 4MBG a Nft^tt¥«MSA 
£j&ft§-£ft. 

[0029] Jfci|iaffi5 . 3*C/m i nT"9 0 

#RMH1 tTlW* 1 * 5 ) 200/im<7)Ga N{L^W«i* 

[0030] ft fcflft G a Nft^WimifWgAli. £A 

Mi Lttmz X 0 G a Nfc£*¥IWWgft* ft* Lfti§ 
n, Ga Nft^ft^friSBlom^WJi 9 0 %&± 

x-h o , ¥mfcT'U znwit ixm ucg a n-^ 

ft^MMUl A£$B* 0 =t < i k 

ft. 

[003 1] H±*WB*c J:o-C«rSftfcWfltMt 

MBtHjeStiifcWTttftvi. 0Utf, <10 0>^ 
r&]WItt&A£i±2 0 icIRJgSfi-f, 1* ~4* OiEB 



[ 0 0 3 2 ] 4ft, IXH. G a C 1 flfftf 

1. 0X10-3-1. 0X10-2 at NH 3 # 
£BB*1. 0X10-1-4. 0X10-1 atm.M 
5IS#3 0~10 0/im/h. j££i&K#9 3 0~l 
0 5 0°C, fcffljS*A*4~ 1 0°C/m i nT*l»; ttf 

a4U\ 

[ 0 0 3 3 ] 4ft, Ga N^W«MS B B B £$*^ 
6*atCWIR3;M\ I nGaN, AlGaN 

HawawRtttSik* 1 ^**. 4ft, mmtixm^ 

t>tim±Ml 3 ( 3 B ) I^D^^^ M§ B B B (iN d 
Ga0 3 fe%«lJP.S£*l-f, Al , Ga, I nC0^< 
b t, 1 «S££tf*±S 1 3 ( 3 B ) «^n7'X*M h 
fe B B T'^>^l(i•iv^fc#^^>nl.„ 

[0034] 

immrn *muz ifiif . 1 4 td±2mmi^t.co 
3k±mtm*%m±mi 3 ( 3 b ) i^nyx*^ h 

&A£££k LTGaN^t^¥#fl«ft£j££S# 
S^fcfeWC. Buf£#±iU 3 ( 3 B ) m^v7Z* 
4 MSJH&RW (011) ffl*>fe 1 0 *»fc4 ' «fW7 

UG a N*fc£*#jWMS*fcJ**3-£4 £ k frTS I. 
fcH^Ga NM^ttil^M^ 
±-f?>0-C, ¥&#:T^X£»LftGaN3^fc£t)¥ 
«ft**!iA£2*S4 0 i < IB&t i i k m I. k n 3 



